The number of cellular phone subscribers is increasing every year and there have been reports of health disorders related to the high-frequency radio waves. This paper considers the dependence of Thai university and high school students on cellular phones. A survey form (cellular phone dependence questionnaire: CPDQ) was distributed to 181 female and 177 male Thai university students and to 240 female and 140 male Thai high school students. The surveys were collected, Cronbach a coefficient was calculated, and a factor analysis was performed using the principal factor method and varimax rotation. The total scores were 16.54 to 20.04 and the Cronbach's a coefficients were 0.808 to 0.930. According to a factor analysis of 20 scored items, 4 factors were extracted for both male and female high school students, and the cumulative correlation coefficients of the male and female groups were 64.85% and 62.70%, respectively. Five factors were extracted for male university students and 6 factors were extracted for female university students, and the cumulative correlation coefficients were 58.08% and 57.91%, respectively. The W value results of the Shapiro-Wilk W-test for male university students, female university students, male high school students and female high school students were 0.969, 0.984, 0.964, and 0.913 respectively, thus verifying the normality of the score distributions. The total scores for the Thai university students were higher than the scores for the Thai high school students. The factor analysis of female high school students confirmed a large difference compared to male university students, male high school students, and Japanese female university students. (The Japanese students were surveyed in an earlier study by Toda et al.). Also, the CPDQ total score was high, which indicated a strong tendency toward dependence.
Introduction
Cellular phone services were launched in Japan in 1979. The requirements for security deposits and new subscriber fees were dropped in subsequent years, and in recent years the use of cellular phones has rapidly increased as the costs for basic charges and calling charges have become less expensive. As of 2004, the total number of subscribers including PHS (personal handyphone system) subscribers exceeded 86 million (Yanokoutarou-kinenkai, 2005) , or 67.9 subscribers per 100 people (Ministry of Public Management, 2003) . With the launch of mobile IP services in February 1999, cellular phone use grew more intense, and as of 2003, 85% of all cellular phones included IP connectivity. Meanwhile, in Thailand, a developing nation, there were 39.4 subscribers per 100 people in 2003 (Yanokoutarou-kinenkai, 2005 . Although low compared to Japan, the number of subscribers is growing significantly. In other words, cellular phones have become a part of everyday life and are being used in many places, such as in public facilities and on public transportation. They are becoming a social problem because of people's dependency on them.
The American psychologist Brod (1982 Brod ( , 1984 first suggested the concept of techno-stress, which was defined as an "illness resulting from the collapse of the delicate relationship between people and computers." Techno-stress is split into two types: "techno-anxiety" and "technodependence." Since cellular phones are a form of electronic device, they are considered to be causes of techno-stress as well.
The high frequency radio signals emitted by cellular phones are also causing health disorders. For example, studies have reported a reduction in superoxide dismutase (SOD) and glutathione peroxidase (GSH-Px) activity (Moustafa et al., 2001; Ozguner et al., 2005) , the effects on genes (Goswami et al., 1999; Finnie, 2005) , the effects on the brains of rats (Fritze et al., 1997) , and a reduction of thyroid stimulating hormones (TSH) (Koyo et al., 2005) . Also, epidemiological research in Saudi Arabia has been performed to investigate headaches,
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Naohito Kawasaki 1) , Shigeharu Tanei 1) , Fumihiko Ogata 1) , Siriporn Burapadaja 2) , Chaowalit Loetkham 3) , Takeo Nakamura 1) and Seiki Tanada Meo, 2004) . The concept of techno-stress is finally becoming recognized in Japan (Noda, 1987; Uchiyama, 1990) and research has been conducted on the relationship between techno-stress and blood pressure (Iwanaga et al., 2005) . Until now, research had only considered the cellular phone dependence tendencies of female university students (Toda et al., 2004) . In fact, using cellular phones in public facilities and on public transportation could also be considered to be a form of cellular phone dependence disorder. One can predict the mental and physical health effects that arise from this sort of dependence.
There is very little research on cellular phones, and there is virtually no research in comparison with other countries. In this paper, the difference in the cellular phone dependence tendency between Japanese and Thai university and high school students was investigated.
Methods

Survey questionnaire
The questionnaire is shown in Table 1 ; it was first used by Toda et al. and adopted in this study. Subjects respond to each item on a four-level scale of "true," "somewhat true," "somewhat untrue" and "not true at all." A value of 0 to 3 is assigned for each of these evaluations (e.g., a value of 3 is assigned to "not true at all") and from this total, the "cellular phone dependence tendency" is represented numerically. In other words, a higher score indicates a stronger tendency toward a cellular phone dependence.
Subjects
During class break periods, a questionnaire including 20 items and entitled "Survey on Lifestyles and Cellular Phone Dependence Tendency" was distributed and collected from the following subjects: 181 female and 177 male university students in Chiang Mai, Thailand, and 240 female and 140 male high school students also in Chiang Mai. The survey period was June to December 2005. This research was considered to be "epidemiological research using only materials for which data has been made anonymous and cannot be linked back to any individual," as indicated in the "Ethical Guidelines Related to Epidemiological Research" adopted in July 2002, and as such was not subject to its guidelines. However, according to the prescribed guidelines, the survey was conducted with consideration for informed consent and the protection of personal information. Also, as an ethical consideration from the standpoint of protecting personal information, names were not recorded on the survey materials.
Analysis method
A statistical analysis and test for the significance in difference were performed with Windows JMP ver. 6.0 (SAS Institute Inc.). The Cronbach a coefficient (Cronbach, 1951) was calculated for the questionnaires, and questionnaires in which the coefficient was more than 0.7 were used. A factor analysis was performed on the scores for the 20 items, and basic elements common to all item groups were extracted. In conducting the factor analysis, the Pearson correlation matrix was formed between each item based on the score of each item, and a principal factor method and varimax rotation was applied to the result.
Considering the normality of the cellular phone dependence score distribution
The Shapiro-Wilk W-test was used to consider the score distribution of normality for the cellular phone dependence tendency, as obtained from the total scores of the questionnaires. 
Results
Questionnaire reliability
The response results of university and high school students for the 20 items are shown in Figs. 1a to 1d. The results showed that an extremely high number of students responded with a "True" answer to items 11 and 14: "I find it difficult to socialize with people who don't have cellular phones" and "I send at least 10 messages per day." Furthermore, there were no items for which the majority of students responded "not true." Next, Table 2 shows the average age, the total scores of the questionnaire and the Cronbach a coefficient for the Thai students, as well as the results of the Toda et al. study of Japanese female university students. The total scores and Cronbach a coefficients were 23.08 to 33.2 and 0.808 to 0.930, respectively. The total scores for the university students were higher than the total scores for high school students.
Factor analysis through the questionnaire
Toda et al. conducted research related to cellular phone dependence for Japanese female university students, applied the principal factor method and varimax rotation, and considered the validity of the questionnaire. Similarly, in our study, based on a factor analysis of 20 scored items, 4 factors were extracted for both male and female high school students,. The cumulative correlation coefficients were 64.85% and 62.70%, respectively. Five factors were extracted for male university students and 6 factors were extracted for female university students, for whom the cumulative correlation coefficients were 58.08% and 57.91%, respectively. Table 3 shows the results of the principal factor method and varimax rotation for the Thai university and high school students, and the results of the Toda et al. study for Japanese female university students. The items for male high school students for which the primary factor showed a high loading were items 5, 7, 12, 15, 16, 18, 19 , and 20 from Table 1 (contribution ratio: 21.23%). Similarly, for the second, third and fourth factors, the items were, respectively, as follows : 6, 8, 11, 13, 14 and 17 (contribution ratio: 17.05%); 1, 9, and 10 (contribution ratio 14.01%); and 2, 3, and 4 (contribution ratio: 12.56%). Also, the items for female high school students for which the primary factor showed a high loading were 1, 2, 4, 5, 6, 8, 9, 10, 11, 13, and 14 from Table 1 (contribution ratio: 27.15%). Similarly, for the second, third and fourth factors, they were, respectively, as follows: 15, 16, 17, 18, 19, and 20 (contribution ratio: 19.18%); 7 and 12 (contribution ratio 9.36%); and 3 (contribution ratio: 7.03%).
The items for male university students for which the primary factor showed a high loading were items 5, 15, 16, 18, 19 , and 20 from Table 1 (contribution ratio: 16.58%). Similarly, for the second, third, fourth and fifth factors, the items were, respectively, as follows: 11, 13, 14, and 17 (contribution ratio: 12.25%); 1, 2, 3, and 10 (contribution ratio 11.72%); 7, 9, and 12 (contribution ratio: 9.04%); and 4, 6, and 8 (contribution ratio: 8.49%). Also, the items for female university students for which the primary factor showed a high loading were 15, 16, 17, 18, 19 , and 20 from Table 1 (contribution ratio: 14.97%). Similarly, for the second, third, fourth, fifth and sixth factors, the items were, respectively, as follows: 4, 8, 13, and 14 (contribution ratio: 10.15%); 1, 2, 3, and 11 (contribution ratio 9.49%); 9 and 10 (contribution ratio: 9.25%); 5, 6, and 12 (contribution ratio: 7.58%); and 7 (contribution ratio: 6.48%). Figure 2 shows the cellular phone dependence tendency score distribution for university and high school students. As the results of the Shapiro-Wilk W-test, the W values for the male university students, female university students, male high school students and female high school students were 0.969, 0.984, 0.964, and 0.913, respectively, thus verifying the normality of the score distributions. Furthermore, for the male university students, female university students, male high school students and female high school students showing the highest scoring of 25%, the W values were 28.0, 27.0, 30.8, and 30.0, respectively. Meanwhile, for the male university students, female university students, male high school students and female high school students showing the lowest scoring of 25%, the W values were 20.0, 19.5, 16.0, and 18.3, respectively.
Dependence tendency score distribution normality
Discussion
From the students' responses to the 20 items, fewer university students overall responded "not true" compared to the high school students, which suggests that the university students had a higher tendency for cellular phone dependence. From Toda et al. (2004) , the questionnaire reliability coefficient for female university students in Japan was 0.86, and the internal consistency was confirmed. Our survey of male and female university and high school students in Thailand using this questionnaire obtained a reliability coefficient of 0.808 to 0.930, also confirming internal consistency.
The total average scores of the questionnaires were the highest for the female high school students, suggesting that this group had the highest cellular phone dependence tendency. Because cellular phones emit high frequency waves, reduce superoxide sismutase (SOD) and glutathione peroxidase 380 Cellular Phone Usage Male high school 5, 7, 12, 15, 16, 18, 19, 20 6, 8, 11, 13, 14 , 17 1, 9, 10 2, 3, 4 --Female high school 1, 2, 4, 5, 6, 8, 9, 10, 11, 13, 14 15, 16, 17, 18, 19, 20 7, 12, 15, 16, 18, 19, 20 11, 13, 14, 17 1, 2, 3, 10 7, 9, 12 4, 6, 16, 17, 18, 19, 20 4, 8, 13, 14 1, 2, 3, 11 9, 10 5, 6 , 12 7 Female university* ) 6, 12, 14, 15, 16, 17, 18, 19 2, 4, 5 9, 10 7, 8, 13 11, 20 1, 3
(GSH-Px) activity (Moustafa et al., 2001; Ozguner et al., 2005) , and reduce thyroid stimulating hormones (TSH) (Koyo et al., 2005) , follow-up research is needed. According to the factor analysis of the 20 scored items, 4 factors were extracted for each of the male and female high school students, and the cumulative correlation coefficients were 64.85% and 62.70%, respectively. Five factors were extracted for the male university students and 6 factors were extracted for the female university students, for which the cumulative correlation coefficients were 58.08% and 57.91%, respectively. From the research using the questionnaire on Japanese female university students (Toda et al., 2004) , 6 factors were extracted for Japanese female university students. From the item groups that showed the highest weighting for these, they found that the following factors were indicated. For the first factor, "preoccupation with mobile IP connectivity services," the items were 6, 12, 14, 15, 16, 17, 18, and 19 from  Table 1 . For the second factor, "anxiety when unable to use a cellular phone," the items were 2, 4, and 5. For the third factor, "excessive use of calling services," the items were 9 and 10. For the fourth factor, "publicly using cellular phone," the items were 7, 8, and 13. For the fifth factor "demanding other people to carrying cellular phones," the item was 11. For the sixth factor, "emphasis placed on cellular phones," the items were 1 and 3. Based on our results, the primary factor for male high school students, male university students and female university students were similar to those items reported by Toda et al. Therefore, as in Japan, cellular phone dependence tendency in Thailand is high, and factors reflecting "preoccupation with mobile IP connectivity services" are thought to be the primary factor. Meanwhile, for female high school students, instead of the primary factor, the secondary factor item corresponded with the results of Toda et al., allowing us to understand that "preoccupation with mobile IP connectivity services" was not a primary factor. Therefore, a similar tendency was seen for cellular phone dependence for both male high school and university students, while there were more different factors indicating a dependence tendency for female high school students than for female university students.
Based on the results for both countries, especially for item 1 in Table 1 , Thai male high school students, male university students and female university students showed signs of the third factor. Japanese female university students showed signs of the sixth factor as a relatively low factor, but for Thai female high school students, this was a primary factor, and this was thought to be due to the relatively high cost of cellular phone charges. Also, item 20 in Table 1 was the primary factor for Thai male high school students, male university students and female university students, but the secondary factor for female high school students. This was the fifth factor for Japanese female university students for Toda et al., indicating a large difference between the two countries. Therefore, it is thought that the items indicating "demands on others" or "I can say what I feel more easily through mail than on the phone or when speaking face to face," is dependent on the culture of a country.
For the highest scoring 25% in the cellular phone dependence tendency scoring distribution, high school students had higher scores compared with university students, while for the lowest scoring 25%, compared to university students, high school students had low scores. Thus, it is thought that compared to university students, there is a high individual difference in cellular phone dependence tendency for high school students.
Based on these results, this questionnaire is effective for measuring the cellular phone dependence tendency in Thailand. Furthermore, the factor analysis results for female high school students showed a large difference between Thai male university students, female university students and male high school students and Japanese female university students. Also, the total score of the questionnaire was high, indicating a strong tendency toward cellular phone dependence.
